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protons and two electrons are consumed at the active-site of oxygen
reduction in the reductive phase of the catalytic cycle (OH→R).
However, if the reaction begins from an ‘as isolated’ oxidized form
of the enzyme (O), two protons and two electrons are still
consumed at the active-site in the reaction step (O→R) but without
any proton pumping [1,2]. The absence of any proton translocation in
the latter reaction (O→R) has been attributed to the lack of driving
force due to the low redox potential of the active-site metal centers
[2]. Here, with the help of density functional theory (DFT) calcula-
tions and molecular dynamics simulations on the preceding tran-
sition (F→OH), we suggest structural differences between the OH
and O states, and highlight implications on the catalytic mechanism
of CcO.
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The terminal enzyme of the electron transfer system, cytochrome
c oxidase (CcO), reduces an oxygen molecule to two water molecules.
The trigger of this reaction is the binding of an oxygenmolecule to the
binuclear center (BNC), which is composed of the CuB site and heme
a3. Experimentally, to obtain the crystal structure of the complex
with an oxygen molecule is currently difﬁcult, and so the crystal
structures of the complexes with CO, NO, and CN ligands were
recently determined by Muramoto, K., et al. In this study, we
performed ab inito quantum mechanics calculations (also see Ref.
[1]) and hybrid ab initio quantum mechanics/molecular mechanics
(QM/MM) calculations (our hybrid calculation system was built on a
highly-parallel supercomputer [2-4]) to systematically investigate
the potential ﬁelds of the BNC and the ligands, employing those
crystal structures.
For CO ligand that is bound to the CuB site, we calculated the
potential energy values of various positions of the ligand (~500
points), and thereby explored the stable conﬁgurations. The obtained
potential ﬁeld revealed the two major conﬁgurations, for which the
energy values are close to each other. To validate the results, we
calculated the IR spectrums using the two stable CO conﬁgurations,
and found that the peaks are well consistent with the experimental
data. Thus, we concluded that at least, the two stable conﬁgurations
of CO ligand that coordinates to the CuB site are possible.
Note here that the proposed conﬁgurations are end-on, which is
different from the CO-binding mode that was found in the crystal
structure, i.e., side-on. In fact, the side-on conﬁguration of CO and Cu
has not been found except for one case, where an amino acid residue
induces such a conﬁguration of CO. In the vicinity of the BNC of
bovine CcO, one cannot ﬁnd the amino acid residues that induce the
side-on conﬁguration of CO. Thus, the binding modes of CO that
coordinates to the CuB site may be end-on. In the session, we also
discuss the other ligands and the roles of the CuB site in the reaction.
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Mitochondria play a major role in the pathogenesis of neurodegen-
erative diseases. Methylenne blue (MB) treatment in some models of
Parkinson's disease resulted in an improvement of neurological and
bioenergetic functions. The protective effect of MB was explained by an
“alternative mitochondrial electron transfer” mechanism.
In the current study the effects of MB on mitochondrial
bioenergetics and Reactive Oxygen Species (ROS) homeostasis were
investigated in isolated guinea pig brain mitochondria and on BV-2
microglial cell line. MB was applied at 100 nM, 300 nM and in 1 mM
concentrations. Oxygen consumptions were measured by Oroboros
high resolution oxygraph and by Seahorse Extracellular Flux Analyzer
(Seahorse) on isolated mitochondria and on BV-2 cells, respectively.
Mitochondrial formation of ROS was detected by Amplex red
ﬂuorimetry or by reduction of acetylated cytochrome c. In the
presence of MB oxygen consumption rate was increased both in
isolated mitochondria and in BV-2 microglial cells. This MB-evoked
increase of oxygen consumption was less sensitive to adenine
nucleotide translocator inhibition or to ATP synthase inhibitor in
isolated mitochondria and in BV-2 cells, respectively, showing that in
the presence of MB ATP synthesis can be less efﬁcient, therefore the
this effect of MB is similar to that of uncouplers. In agreement with
this mitochondrial membrane potential measured using TPP elec-
trode was slightly depolarized. Amplex signal considered as an
indicator of ROS formation was decreased in the presence of MB,
however, correcting raw Amplex signal to the altered calibration
signal, an increase in ROS production was calculated. MB was able to
oxidize reduced coenzymes (NADH or NADPH) and transfer electrons
to oxygen in the absence of mitochondria. Oxygen consumption
in the absence of mitochondria but in the presence of reduced
coenzymes (NADH or NADPH) was initiated by MB. Oxygen
consumption rate under this circumstances was decreased by added
catalase. In the presence of mitochondria and MB reduction of
acetylated cytochrome c was detected. These experiment raise the
possibility of MB-mediated ROS formation.
Our observations do not question theMB-mediated neuroprotection
described in previous studies, however, suggest that the simpliﬁed
explanations for the MB's effect have to be revised.
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